Since 2005, Chile's professional soccer league has used a game-scheduling system that is based on an integer linear programming model. The Chilean league managers considered several operational, economic, and sporting criteria for the final tournaments' scheduling. Thus, they created a highly constrained problem that had been, in practice, unsolvable using their previous methodology. This led to the adoption of a model that used some techniques that were new in soccer-league sports scheduling. The schedules they generated provided the teams with benefits such as lower costs, higher incomes, and fairer seasons. In addition, the tournaments were more attractive to sports fans. The success of the new scheduling system has completely fulfilled the expectations of the Asociación Nacional de Fútbol Profesional (ANFP), the organization for Chilean professional soccer.
S
occer is "the passion of multitudes" worldwide. The World Cup 2006, which was held in Germany, amply demonstrated this phenomenon. Beyond the purely sporting and emotional aspects of the game, managing soccer increasingly requires the application of scientific criteria. In Chile, soccer has faced competition from the international leagues, other televised sports, and different forms of entertainment such as shopping malls, cinema, video games, and the Internet. Organizers of professional sports in many countries are facing similar situations.
This competition has caused a reduction in Chileans' interest in soccer and a resulting decline in the revenue the sport generates. To reverse this decline and reduce costs, professional league officials are facing the challenge of having to increase the attractiveness of the league season. The planning of league game schedules is critical to achieving this objective. Considering the many aspects of developing a game calendar that is simultaneously fair to the teams, economically beneficial, and attractive to sports fans, the task of scheduling each regular-season matchup would be nearly impossible if attempted manually.
Beginning with the first tournament of 2005, the Asociación Nacional de Fútbol Profesional (ANFP), the organizing body for Chilean soccer, employed the services of the Centro de Gestión de Operaciones (CGO), a unit of the Industrial Engineering Department at the University of Chile, to assist in the planning of the main league's game schedule. We integrated sporting, operational, and economic criteria within an integer programming model to develop a schedule that meets the ANFP criteria and makes the season more interesting to soccer fans.
Our work falls within the area known as sports scheduling. In this paper, we present the criteria we used to define an efficient season schedule. We address sporting fairness or equity, the introduction of operational and economic considerations into the scheduling process, and how the model and its implementation provide a flexibility that was previously absent in Chilean soccer schedules. In addition to increasing the season's attractiveness, these factors combine to put the scheduling process on a more scientific basis, making it more transparent and more acceptable to team managers.
Interfaces 37(6), pp. 539-552, © 2007 INFORMS We organize the paper as follows. We begin with a description of the Chilean soccer tournaments and a review of the sports-scheduling literature. In the Conditions Imposed on the Problem section, we explain the conditions considered in the 2006 opening tournament. In The Mathematical Model and Computational Solution section, we describe the model and its computational solution. In the Results section, we discuss some recent statistics and qualitative factors of our model that have satisfied the ANFP and soccer teams and fans. In the Conclusions section, we summarize and provide guidelines for future work. Finally, in the appendix, we show the formulation of the mathematical model.
Background
The Chilean professional soccer league is composed of the First Division and the Second Division. The First Division has 20 teams and divides its annual playing calendar into two tournaments-the opening championship and the closing championship. Each championship comprises two phases: the regular season, which consists of 19 playing dates or rounds, and the playoffs. The teams are organized into four groups of five teams each. Each team must play once against each of the other 19 teams. The ANFP sets the date of each round and the composition of the groups in advance. Following the regular season, the two top teams in each group advance to the playoffs to determine the champion. The Mexican soccer-league system inspired this structure.
The Second Division has 12 teams. Each year the last two teams (measured by the sum of points in both tournaments) of the First Division are relegated to the Second Division; the best two teams of the Second Division are promoted to the First Division.
The country is geographically divided into 12 Regions and the Metropolitan Region (Santiago), which is located between Regions V and VI. We have classified the 20 teams of the First Division into three clusters by geographic location: North with five teams, Center with 10 teams, and South with five teams (Figure 1 ).
Prior to 2005, the method used to schedule the First Division was a random draw of teams and venues using a preset template; almost all soccer leagues in South America and Europe use this system. While it facilitated manual scheduling, it did not take into account most of the criteria (e.g., fairness and economic considerations to provide greater revenue and lower costs for the teams) that are needed for efficiency. To ensure fairness, each team should play a balanced mix of home and away games against the strongest teams. Games against the strongest teams should not be scheduled consecutively; each team should play against two of its group opponents at home and against the other two opponents away. Scheduling two consecutive away games (e.g., Sunday-Wednesday or Wednesday-Sunday) for a given team in different opponents' venues, which are located relatively close to each other but far from the team's home venue, is an example of an economic consideration; it would spare the team a second long trip. Other examples include setting "attractive" games for appropriate dates, such as summer home games for teams located in popular beach towns against the most popular teams, and scheduling classic rivalries or matches between teams of the same group in the second half of the tournament when the stakes are higher. In addition, we can distribute weekday home games fairly; such dates are less attractive to the teams because attendance is lower than on weekends (revenue for any specific game goes entirely to the home team).
In previous years, scheduling based on these criteria was woefully deficient. Examples included classic matchups on inappropriate dates, weaker teams scheduled to play all their games against stronger ones away from home, and unbalanced distribution of weekday, home games.
Because a season calendar that meets these standards of efficiency would be nearly impossible to develop manually, operations research can make a substantial contribution by allowing the application of technology to give more flexibility to the seasonscheduling process. To help the reader appreciate the scale of the complexity involved, we note that for a tournament in which six teams play a simple roundrobin, there are 720 different possible schedules (this does not even consider whether the games are at home or away); for a tournament with eight teams, there are more than 30 million possibilities. Clearly, the number of possible schedules for the 20 soccer INFORMS holds copyright to this article and distributed this copy as a courtesy to the author(s).
Additional information, including rights and permission policies, is available at http://journals.informs.org/. teams in Chile's First Division would be too enormous to imagine.
The use of sports-scheduling techniques is still a novelty in South America. The only documented case was E. Dubuc's development of such a method for the Argentinean soccer league in the 1995 season (Paenza 2006) , but the practice was subsequently abandoned. Bartsch et al. (2006) have also reported isolated cases in European soccer. In the United States, on the other hand, sports scheduling is routinely employed by most major basketball, baseball, and football leagues that maintain their own teams of academics or hire thirdparty companies to design efficient regular-season schedules (Bean and Birge 1980 , Nemhauser and Trick 1998 , Henz 2001 , Associated Press 2004 .
At the academic level, the literature on sports scheduling has grown significantly in recent years. Various articles have been published proposing as yet untried scheduling applications for existing leagues (Costa 1995 , Della Croce and Oliveri 2006 , Schreuder 1992 . Interest in the problem increased notably with the publication of the traveling tournament problem (TTP) (Easton et al. 2001) , which addresses the design of a schedule to minimize the distances that teams in a sports league must travel. Although it is not set up as a real case, the TTP has provided a significant benchmark for using a range of methods and algorithms. Anagnostopoulos et al. (2006) propose a heuristic for solving the TTP based on simulated annealing, while Cardemil and Durán (2004) INFORMS holds copyright to this article and distributed this copy as a courtesy to the author(s).
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present a tabu-search application with the same objective. Easton et al. (2003) offer a combination of integer programming and constraint programming as a method of finding the optimal solution for leagues of up to eight teams. Ribeiro and Urrutia (2006) develop heuristics for the mirrored version of the TTP (double round-robin tournament in which the game order in each single round-robin is the same). As we will describe later, the goal of the Chilean tournament is not to minimize travel distances precisely, but rather to develop a schedule that satisfies a long and complex list of conditions, which together create a highly constrained problem.
Conditions Imposed on the Problem
The schedule must meet specific conditions to comply with the requirements that the ANFP established for the 2006 opening tournament. Most criteria were also among those applied to the two 2005 tournaments. The appendix shows the mathematical formulations for these conditions.
Basic Schedule Constraints
(1) Each team must play each of the other teams once during the 19 tournament rounds.
(2) Each team must play each round either at home or away.
(3) Each team must play at least nine rounds, but not more than 10, at home.
Home and Away Game Sequence Constraints
(4) Each team must play at most one sequence of two consecutive rounds at home (home stand). Note that this condition also implies that no team plays more than two consecutive rounds at home.
(5) Each team must play at most one sequence of two consecutive rounds away (road trip). Note that this condition also implies that no team plays more than two consecutive rounds away.
(6) Let A be a set of rounds such that if a team plays at home (away) in a round belonging to A, it must play away (at home) in the following round. In the 2006 opening game, the set was defined as A = 1 16 18 . The objective is to balance the teams' home and away games between the early and late stages of the tournament.
Home Game Balance Constraint for Matches Against Group Rivals (7) Each team must play against two of its group opponents at home and against the other two opponents away.
Geographic Constraints for Double Away Game Sequences
We have incorporated certain constraints to avoid consecutive long road trips.
(8) When a North (South) team plays two consecutive away games, neither of these games will be played in the South (North).
(9) When a North (South) team plays two consecutive away games, at least one of the games will be played in the North (South).
(10) When a Center team plays two consecutive away games, at least one of the games will be played in the Center.
It is important to note that in the 2006 opening tournament, all the rounds were played on weekends. (We note that it is very expensive for a team to stay away from its city for an entire week.) Therefore, we could not schedule good trips in consecutive away games Sunday-Wednesday or Wednesday-Sunday.
Constraints on Highly Popular Teams
In our model, we placed constraints on the three most popular teams-Colo Colo, Universidad Católica, and Universidad de Chile. In the appendix, figures, and tables, we refer to these three teams as COLO, CATO, and UCH, respectively.
(11) If a team plays at home (away) against Colo Colo, it plays away (at home) against Universidad de Chile. This contributes both to fairness and a better balance of revenue between the opening and closing tournaments because games against these teams usually generate higher receipts.
(12) The three classic matchups between these popular teams must be played between the 10th and 16th rounds; however, parameters may change from tournament to tournament.
(13) Each of these three teams plays exactly one classic matchup at home. INFORMS holds copyright to this article and distributed this copy as a courtesy to the author(s).
Operational Constraints on the Availability of Mobile Broadcasting Units for Televising Games
Four games from each round are televised. These include all of the games that involve the three popular teams plus a fourth match. The two opposing teams that have the highest combined point total play the fourth match; if there is a classic game in a given round, two games are selected in this way. Given Chile's large geographical area, it is desirable that these teams not play in venues that are located far apart; this limits travel distances and the associated costs that the television broadcasting company must incur for the transfer of mobile units to and from the games. (14) When a popular team plays in the North (South), neither of the two other popular teams can play in the South (North).
(15) Given that the first five rounds are scheduled for the middle of the summer (when many events are televised and the availability of mobile units is lower), none of the three popular teams play away in those rounds in outlying areas of the country. We define outlying areas as the members of a set containing the teams whose home venues are located north of Chile's Region IV or south of Region VIII. (17) Games between CBLOA and the popular teams are played between the 6th and 18th rounds.
Constraints on Strong

Constraints on Home and Away Games for "Crossed" Teams
We refer to a pair of teams as crossed if their home venues are in the same region and if they alternate with each other playing home and away games in each round; they may alternate for operational reasons (e.g., they share the same home stadium), security reasons, or in order not to leave any region without a match for an entire weekend. In total, there were five crossed pairs: Wanderers (WDRS) and Everton (EVRT), both of which are Region V teams, and Colo Colo and Universidad de Chile, which are the most important teams in the country and are located in Santiago, are examples of crossed pairs.
(18) When one team of a crossed pair is playing at home, the other team plays away, and vice versa.
Constraints on Regional Classic Matchups
We define a number of pairs of teams from the same region and with a historic rivalry as a set of regional classics.
(19) Regional classic matchups are held between the 8th and 18th rounds.
Constraints on Santiago Games
(20) The number of games held in Santiago in each round cannot be less than two or more than four (there are seven Santiago teams). This enables the soccer activity in the capital to be regulated and ensures the availability of stadiums and municipal security personnel.
(21) It is desirable that the four Santiago teams with the lowest drawing power not play against each other in the first five rounds (all are in the summer) because the attendance would be relatively low. We define a set D that consists of these four teams.
Tourism-Related Constraints
We define a set T that contains teams located in tourist areas, where it is desirable that at least one attractive game (against a popular team) be scheduled for the first rounds of the tournament during the summer.
(22) Each team located in a tourist area plays at home against at least one of the popular teams in one of the first five rounds.
Special Constraints
(23) Some teams do not have their playing fields ready in time for the beginning of the tournament; therefore, they should be scheduled for away games in the first round. These teams form a set S.
(24) Not more than three games between teams of the same group are held in the last round. In 2006, the ANFP made this condition a requirement because in the past tournaments, the playoff qualifiers for most of the groups were defined before the very last round.
(25) Each North (South) team shall play at least once at home against a North (South) team. This constraint will ensure that, in the 2006 closing tournament, North and South teams play against at least one opponent in their respective clusters. This could INFORMS holds copyright to this article and distributed this copy as a courtesy to the author(s).
Interfaces 37(6), pp. 539-552, © 2007 INFORMS help to avoid "bad" two-game road trips. (Note that for Center teams, the same condition is guaranteed by constraints 11 and 13 because the three highly popular teams are from the Center cluster.) We have also incorporated special constraints in the other tournaments we have scheduled. Examples include not scheduling home games for a team on dates when its stadium is booked for other events and avoiding road trips for teams on dates that are close to dates when they must travel to an international cup game. We also scheduled, in the first round of a tournament, a match between teams that are playing in the playoff finals of the immediately preceding championship. Therefore, this game could be rescheduled at a later date to allow these two teams an additional week of rest. Otherwise, the ANFP would have to reschedule two games.
Because the 2005 tournaments included weekday games, we took into account other factors that relate to fairness or economic considerations. In the 2005 opening, which included only one round played on Wednesday, the ANFP requested that a "good" road trip be scheduled for at least three teams between that round and an immediately adjacent one. The closing had three Wednesday rounds in the schedule; each team was required to play at home on at most two of these rounds (clearly, in these two tournaments, constraints 8, 9, and 10 were not considered for consecutive rounds including weekday games). Finally, for each of the championships, we formulated an objective function that maximized the concentration of "decisive" games among the final rounds of the schedule. In the opening tournaments of 2005 and 2006, decisive games were defined as those between teams in the same group. In the 2005 closing, this definition was broadened to include the games between teams that were expected, based on their performance in the opening tournament, to be fighting against relegation to the Second Division. The appendix shows the detailed formulation of the objective function.
We note the importance of the iterative process (by the group of academic experts and the ANFP) in arriving at a definitive schedule. Three or four different versions of the schedule may bounce back and forth between them as they fine-tune various details to incorporate new constraints into the model before putting a set of final proposals forward. This process begins one month before the publication of the definitive schedule.
The Mathematical Model and the Computational Solution
We expressed the conditions described in the previous section in terms of an integer linear programming model (appendix). After we built the model, we used CPLEX 9.0 on a Pentium IV computer with a 2.4 GHz processor to solve it.
The problem we face is essentially one of feasibility. Our main goal is to find a schedule that meets all of the conditions that we imposed on it. The objective function simply measures how much we can "push" the decisive games toward the end of the tournament. In our situation, it is not as important that we arrive at an optimal solution as it is in most other optimization problems. The ANFP selects the final schedule from among a series of options that we present to it (following the iterative process discussed above); the choice it makes is not necessarily the one that performs best according to the objective function.
The principal family of decision variables in the model, which we describe in the appendix, takes on a value of one when team i plays at home against team j in round k, and zero otherwise. Other variables express some of the more complex conditions. The model as formulated is extremely hard to solve. To simplify the solution, we incorporated an additional factor that establishes certain home-away patterns for the teams and adds some rigidity to the formulation.
A home-away pattern (Easton et al. 2003, Nemhauser and Trick 1998 ) is a sequence assigned to a given team that indicates the number of rounds it will play at home and away. A sequence consisting of the 19 elements H A H represents a pattern in which H signifies a home-game round and A an away-game round. The appendix shows the constraints that we applied to the assignment of home-away patterns. The advantage of this approach with home-away patterns is a solution-time reduction that is achieved without significant loss of solution quality. Furthermore, it can ensure a priori that certain constraints that normally account for the most serious prolongations of model run time are satisfied. Some of these constraints regard crossed pairs of teams and the avoidance of double home stands or road trips. INFORMS holds copyright to this article and distributed this copy as a courtesy to the author(s).
For the 2005 opening tournament, we found a feasible solution using constraint programming (CP) after approximately three hours of run time. The model we solved was similar to the one that we show in the appendix; however, it is simply a feasibility problem and is without the objective function. We used ILOG's Solver 5.2 software and CP because of its good performance history in solving similar sports-scheduling problems (Henz 2001 ).
Once we found this feasible solution, we assigned the set of patterns we obtained to each team. We executed the optimization process and obtained the optimum solution for this pattern assignment in minutes. The schedule approved for this tournament featured 24 of the 40 games between teams of the same group in the last three rounds, much to the ANFP's satisfaction. Note that this solution is the maximum possible number for three rounds because at most eight games between teams of the same group can be played in a given round.
For the 2005 closing tournament, we adopted a similar procedure; however, we partially incorporated the assignment of "feasible" patterns into the optimization process. To keep the solution time to a reasonable level, we allowed the process to assign some patterns and assigned others as fixed. We discovered through experimentation that with up to about 15 fixed patterns and five assigned by the process, we still arrived at the solution quickly; it required no more than 15 minutes, and was better than the solution obtained using the method employed for the opening. Thus, the calendar approved for the 2005 closing scheduled the great majority of games between teams from the same group and between teams that were expected to be fighting one other to avoid relegation to the Second Division in the second half of the tournament. A closing tournament is significantly more constrained because the home condition for a given pair of teams is already defined as the opposite of the one scheduled for the opening tournament (i.e., if team i played at home against team j in the opening, then team j must play at home against team i in the closing).
For the 2006 opening tournament, we also sought a feasible solution as a first step. This involved imposing a set of patterns that we derived from the contents of the definitive solution for the 2005 closing, but with modifications that would eliminate all double home stands and road trips and impose several different sequences for rounds in which a concentration of intergroup games was desired. Once we imposed these patterns, we found a feasible solution in minutes. We then took the set of patterns in this solution and, rather than assigning them to the teams as is, we completely incorporated them into the optimization process based on the solution of the relaxed problem. We solved the LP problem (i.e., without the constraint of integrality of the variables) and then set the "pattern" variable z ip with the highest value in the LP solution to 1. We repeated this procedure sequentially to arrive at a feasible solution. When the model did not generate a feasible result, we backtracked through the iterations and changed the pattern assignment in a logical way. This heuristic guided us quickly to solutions that were better than our original solution because the LP problem can be solved in seconds. Once the 20 patterns were fixed, we proceeded as we had with the 2005 closing, applying this solution to the model as the initial solution while allowing a few patterns (between two and five) to be reassigned in an attempt to further improve the objective function value. Figure 2 shows the solution that ANFP selected for the 2006 opening tournament.
In this schedule, 100 percent of the games between teams in a given group were set for the 10th round or later rounds, and slightly more than 80 percent were concentrated between the 14th and the 19th roundsthe rounds most highly weighted in the objective function. The value of the feasible solution in the objective function was 607, with a gap of 5.6 percent separating it from the relaxed problem solution (taking into account the last cut that the appendix shows).
Results
It is not easy to measure the impact of using the system we describe because there are many factors other than scheduling that influence variables, e.g., attendance at stadiums. Nevertheless, we can make certain observations. In both 2004 tournaments, the last under the old system, the classic matchup between Universidad de Chile and Colo Colo was held in the first round and drew crowds of 26,000 people in the opening and 22,000 in the closing. By contrast, in INFORMS holds copyright to this article and distributed this copy as a courtesy to the author(s).
Additional information, including rights and permission policies, is available at http://journals.informs.org/. INFORMS holds copyright to this article and distributed this copy as a courtesy to the author(s). Additional information, including rights and permission policies, is available at http://journals.informs.org/. the two 2005 tournaments and the 2006 opening, this matchup was scheduled further into the season and the attendance jumped to 45,000, 37,000, and 49,000, respectively. Two additional indicators of interest are the attendance and revenue averages, both measured per game, during the regular season (the new scheduling criteria do not affect the playoffs). Table 1 summarizes the data for the last two tournaments using the old scheduling system (i.e., 2004 opening and closing) and the latest tournament played (2006 opening). They reveal that the average rise in attendance was 32 percent when compared to the 2004 opening and 39 percent over that year's closing; the corresponding average increases for ticket sales were 102 and 94 percent, respectively. Table 2 Table 3 displays comparisons for home games played in summer rounds by teams in Region IVCoquimbo (CQMB) and La Serena (LSRN)-and Region V-Everton (EVRT) and Wanderers (WDRS)-against the popular teams.
According to the data, attendance grew by 46 percent for Region IV matches between 2004, when they were not played in summer, and 2006, when they were. The improvement in Region V was particularly impressive at 156 percent. In both cases, revenue also increased significantly-by 84 and 313 percent, respectively. INFORMS holds copyright to this article and distributed this copy as a courtesy to the author(s). Additional information, including rights and permission policies, is available at http://journals.informs.org/.
Furthermore, the adoption of criteria that reduce the costs of broadcasting games has been highly celebrated by the television-station management and the ANFP, which has the 80 percent share of the soccer television company. For example, two televised games played in the north may result in savings for the television company of approximately US$20,000 over the cost of broadcasting one game held in the north and the other in the south. In the future, it may be possible to pass along some of these savings to the teams. The income derived from television rights is an important source of revenue for the Chilean teams. In the last negotiation, the league sold its television rights for approximately US$3,700,000. Forty percent of this amount was assigned to the three most popular teams.
Although we may partly explain the quantitative information in the preceding paragraphs by the new schedules, it is difficult to control for some exogenous factors that are present. These factors, which include the performance of the national team in World Cup qualifying rounds, weather patterns, acts of violence committed by team supporters, and the quality of the teams (fundamentally those that draw larger crowds) may distort the measurements.
The positive impact of the sporting-fairness criteria that we adopted in our model deserves special mention. Both the ANFP and the league teams have expressed their satisfaction with how these criteria have been put into practice. Senior ANFP officials also noted that, for the first time in many years, they have received almost no complaints from the teams regarding the schedules.
Conclusions
To improve the solution process, the procedures we described above for finding good solutions raise certain issues that remain to be explored in future work. These include:
• Formalization of the solution to the integer problem starting from the relaxed version via a heuristic that sequentially structures the fixing of the z ip pattern variables at one, thus detecting and repairing infeasibilities.
• Incorporation of the creation of patterns in the optimization process or use of a set of patterns of higher cardinality than the number of teams. This could lead to better solutions and greater flexibility in the search for feasible solutions; however, the price will likely be increased solution times.
• Experimentation to determine how much the cuts shown in the appendix contribute in terms of reducing solution time (recall that as with every integer programming problem, the use of cuts to adjust the feasible polyhedron of the linear relaxation may be very useful).
The incorporation of these modern techniques into the Chilean soccer-league scheduling process since 2005 has provided an excellent opportunity to demonstrate that the use of operations research can be effective in making soccer-season schedules more attractive to the public as well as fairer and more profitable for the teams and organizing bodies. It is also important to highlight the transparency that the model we discussed has brought to the system. Once the constraints to be applied have been defined and made known to all concerned, they are incorporated as part of the mathematical model. Then, we can generate some possible solutions and allow the ANFP to select the definitive solution. This procedure also requires that the ANFP submit its objectives for the schedule to the teams; this facilitates consensus building and the creation of new mechanisms for improving the league's scheduling process.
Thus far, we have scheduled the last five tournaments of the First Division (2005 opening, 2005 closing, 2006 opening, 2006 closing, and 2007 opening) , the annual 2007 tournament of the Second Division, and the Chilean proposal for the scheduling of South American qualifiers to the South Africa 2010 World Cup.
There are several anecdotes that clearly illustrate the impact this scheduling application has had in Chilean soccer circles; one is particularly revealing. The day that the 2005 closing-tournament schedule was publicized, the ANFP's operational manager noted that he had received a complaint from the president of the Coquimbo team regarding its home game against Colo Colo; the game had been scheduled on the "Fiesta de la Pampilla," a local holiday. This meant that the necessary police presence for the match would not be available and that the stadium attendance would be significantly reduced. Within INFORMS holds copyright to this article and distributed this copy as a courtesy to the author(s).
a few hours, the game was switched to a different round. In addition, because the overall schedule had already been published, the number of other changes was minimized so that the modified version was as similar as possible to the original schedule. The ability to rely on a rapid and agile tool that would enable us to solve the problem in minimal time was crucial to the task. Participants have also expressed other significant reactions to us. A player for Palestino, a Santiago team, commented that he was surprised by the "chance occurrence" that his team was scheduled to play against its four group rivals in the last five rounds of the 2005 opening, thus leading to more significant games. During the 2006 opening, a television company executive remarked on the "luck" of televising games involving Universidad de Chile on a Saturday and Universidad Católica the next day while the two teams were on road trips in the north. This saved his company a significant amount of money because of the proximity of the two venues and the correspondingly low mobile-unit transfer costs.
In conclusion, we observe that management techniques can make other contributions to South America's most popular sport. Issues such as resource management, management of the creation of lower divisions, new tournament formats, optimal ticket prices, strategic alliances with other countries in the region, policies for encouraging the return of top players currently playing abroad, and the efficient administration of the economic and operational aspects of teams and related organizations, are some of the areas that could benefit from a more scientific and quantitative approach.
Appendix: Formulation of the Mathematical Model
The integer linear programming model used to generate the 2006 Opening Tournament is described below.
Variables
To define the games to be held in each round, we define ∀ i = j ∈ I (the set of teams) and ∀ k ∈ K (the set of rounds), a family of binary variables, as follows:
To represent simply certain home and away game sequence constraints, we define ∀ i ∈ I and ∀ k = 1 18, the following auxiliary variables, also binary: A total of more than 7,900 variables are included.
Objective Function
To conform with ANFP requirements, our objective function maximized the concentration of games between teams in the same group toward the final rounds of the tournament.
The experience of previous tournaments suggests it is not advisable to overload the last round because by that time the playoff qualifying teams tend to already be determined. More specifically, it was requested that the majority of games involving teams of the same group are concentrated between the 14th and 19th rounds, that not more than three of these games be scheduled for the last round, and that, to the extent possible, none of them be played before the 10th round.
With the foregoing in mind, a game between teams of the same group played on the final round was assigned a weight of 15, while all other games held after the 9th round were assigned a weight equal to the round number. Thus, the objective function used in the model was the following: max 10≤k≤18 e i∈t e j∈t e k · x ijk + e i∈t e j∈t e 15 · x ij19 INFORMS holds copyright to this article and distributed this copy as a courtesy to the author(s).
where t e denotes the set of teams in group e e ∈ E = 1 2 3 4
In the 2005 opening tournament, the objective function incorporated a weighted sum of the round numbers for the games between teams of the same group. In the 2005 closing tournament, games between relegation rivals were also weighted (a set of six candidates was deduced by the performance of the teams in the opening tournament).
In total, the model considers around 3 000 constraints. Now let us examine certain additional aspects of formulating the constraints on patterns. We shall call P a set of 20 patterns and Home(k) the subset of the set of patterns that assigns home games in round k. Consider the following variables: The constraints on the patterns are as follows: Exactly one pattern is assigned to each team:
Exactly one team is assigned to each pattern. This constraint is useful to strengthen the relaxation of the integer problem and holds only if the number of patterns in P is equal to 20. Alternatively, one might consider more patterns in this set. This might lead to better solutions but at the expense of higher running times:
A team plays at home in a given round if the assigned pattern so indicates; otherwise, it plays away (Associated Press 2004):
Given the complexity of the solution, we assume that it may be useful to incorporate cuts that help reduce the size of the feasible domain of the relaxed problem.
Note that because each group contains five teams, there can be at most two games between teams of the same group for each group and round. We therefore add the following cut: i∈t e j∈t e x jik ≤ 2 ∀ e ∈ E k ≥ 10
Finally, we add the following upper bound for the objective function. Note that this condition is implied by constraints (1), (24), and (29), but its inclusion showed to be efficient in our experiments.
Given that the total number of games between teams of the same group is 40, the value attainable by the objective function is upper bounded by 643:
10≤k≤18 e i∈t e j∈t e k · x ijk + e i∈t e j∈t e 15 · x ij19 ≤ 3 · 15 + 8 · 18 + 8 · 17 + 8 · 16 + 8 · 15 + 5 · 14 = 643 (30)
